( 1 H decoupled), 376 MHz for 19 F NMR ( 1 H decoupled), and 162 MHz for 31 P NMR ( 1 H decoupled). 1 H spectra were calibrated from solvent resonance (CDCl 3 : 7.26 ppm, CD 2 Cl 2 : 5.32 ppm, CD 3 OD:
3.31 ppm). 13 C spectra were calibrated from solvent resonance (CDCl 3 : 77.16 ppm, CD 2 Cl 2 :
53.84 ppm, CD 3 OD: 49.00 ppm). 19 F spectra were calibrated from external standard (CFCl 3 : 0 ppm). 31 P spectra were calibrated from external standard (85% phosphoric acid: 0 ppm). NMR data are reported as: chemical shift (parts per million, ppm), multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet), coupling constant (Hz) , and integration. Infrared spectra were measured on a Thermo Scientific Nicolet iS5 FT-IR spectrometer (iD5 ATR) using neat samples.
Elemental analyses were performed by Atlantic Microlabs Inc., Norcross, GA. HRMS spectra were recorded on a Bruker Daltonics APEXIV 4.7 Tesla Fourier transform ion cyclotron resonance mass spectrometer. Melting points were determined on an EZ-Melt melting point apparatus. Enantiomeric excess (ee) was determined by chiral HPLC analysis using an Agilent 1100 Series instrument with Chiralcel and Chiralpak columns (0.46 cm∅× 25 cm). Optical rotation ([α] D T , deg•cm 3 •g -1 •dm -1 ) was measured on a Jasco DIP-1010 Digital Polarimeter at λ=589 nm in the given solvent at the indicated concentration (c, g/100 mL) and temperature (T, °C). X-ray Diffraction was performed on Siemens three-circle Platform diffractometer equipped with a Bruker-APEX CCD detector.
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Synthesis of Ligands
Ligand L1 was prepared according to the literature method. 5 Ligands L2-L4 were prepared following the modified procedures as outlined in the following scheme.
(R)-[1,1'-Binaphthalen]-2-yldicycloheptylphosphine Oxide
Into an oven-dried reaction flask equipped with a magnetic stirring bar was added trichlorophosphine (25 mmol, 3.43 g) in a glovebox under an atmosphere of nitrogen. The flask was sealed with a rubber stopper and removed from the glovebox. The flask was then connected to a Schlenk line through a needle, and kept under a nitrogen atmosphere during the course of the reaction. Et 2 O (50 mL) was added via syringe, and the resulting mixture was cooled in a dry ice-acetone bath. While the reaction mixture was rapidly stirred, cycloheptylmagnesium bromide (50 mmol, 2 M solution in Et 2 O, 25 mL) was added slowly via syringe using a syringe pump over a period of 30 min. The resulting mixture was warmed to room temperature, where it was stirred for an additional 16 h. The reaction was then quenched with water (5 mL), and stirred at room temperature for 1.5 h. NaHCO 3 (saturated aqueous solution, 50 mL) was added to neutralize the HCl generated during the reaction, and the reaction mixture was stirred at room temperature for 30 min. Water (100 mL) and EtOAc (100 mL) were added to the reaction mixture, and the layers were separated. The organic layer was washed with brine, dried over Na 2 SO 4 , and filtered. The product was obtained as a colorless liquid (7.08 g) after removal of the solvents under reduced pressure. 31 P NMR (162 MHz, CDCl 3 ) δ 54.5 ppm. Based on analysis of the 1 H NMR spectrum, the product consisted of dicycloheptylphosphine oxide and 1,1'-bi(cycloheptane). Based on integration of the 1 H NMR spectrum, the amount of dicycloheptylphosphine oxide was determined (4.67 g, 77% yield). This material was used in the following reaction without further purification.
This compound can also be prepared from diethyl phosphite and cycloheptylmagnesium bromide based on a literature procedure for synthesis of secondary phosphine oxides. 6 68% 68% L1 R = i-C 3 
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Into an oven-dried reaction flask equipped with a magnetic stirring bar was added (R)-[1,1'-binaphthalen]-2-yl trifluoromethanesulfonate (16.1 mmol, 6.47 g), dicycloheptylphosphine oxide (as the crude product from the previous step, 19.3 mmol, 4.67 g), Pd(OAc) 2 (1.61 mmol, 362 mg), 1,1'-bis(diphenylphosphino)ferrocene (1.61 mmol, 892 mg), N,N-diisopropylethylamine (64.4 mmol, 11.3 mL), and DMSO (15 mL) in a glovebox under an atmosphere of nitrogen. The flask was sealed with a rubber stopper and removed from the glovebox. The flask was then connected to a Schlenk line through a needle, and the reaction mixture was heated at 110 °C in an oil bath under a nitrogen atmosphere for 14 h. After cooling to room temperature, water (100 mL) and EtOAc (100 mL) were added to the reaction flask, and the resulting mixture was filtered through a Celite plug. The Celite was washed with EtOAc (50 mL). The washes and filtrate were combined, and the layers were separated. The organic layer was washed with brine, dried over Na 2 SO 4 , filtered, and concentrated. Chromatographic purification on silica gel using hexanes/EtOAc (80/20 to 40/60) as eluents afforded the product as a brown-colored foam. This product was dissolved in minimal amounts of EtOAc (ca. 3 mL), and hexanes (25 mL) was added.
The resulting mixture was kept at room temperature for 18 h. The purified product was isolated as a brown-colored solid after filtration ( 
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(R)-[1,1'-Binaphthalen]-2-yldicycloheptylphosphine
Into an oven-dried resealable Ace pressure tube equipped with a magnetic stirring bar was added (R)-[1,1'-binaphthalen]-2-yldicycloheptylphosphine oxide (2.53 mmol, 1.25 g). The reaction tube was capped with a rubber stopper, and connected to a Schlenk line through a needle. The reaction tube was evacuated, and then refilled with nitrogen, and this process was repeated twice. Toluene (15 mL) and Et 3 N (81 mmol, 11.3 mL) were added via syringe. While the reaction tube was cooled in an ice-water bath, trichlorosilane (20.2 mmol, 2.05 mL; CAUTION: extremely flammable and highly volatile) was added slowly via syringe. The rubber stopper was replaced with a PTFE screw cap equipped with an O-ring. The resulting mixture was heated in an oil bath at 100 °C for 3 d (CAUTION: use a safety shield). The reaction tube was then cooled in an ice-water bath before the PTFE screw cap was removed. The reaction was then quenched by slow addition of NaOH (6 M aqueous solution, 20 mL; CAUTION: HCl formation). The layers were separated, and the aqueous layer was extracted with Et 2 O (20 mL) three times. The combined organic layers were dried over Na 2 SO 4 , filtered, and concentrated. Chromatographic purification on silica gel using hexanes to hexanes/EtOAc (95/5) as eluents afforded the product as a white foam (1.10 g, 91% yield). 
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(R)-[1,1'-Binaphthalen]-2-yldicyclopentylphosphine
The title compound was synthesized following the similar procedure for L4 starting from (R)- [ [α] D 24 -57.1 (c = 1.0 in CHCl 3 ).
(R)-[1,1'-Binaphthalen]-2-yldicyclohexylphosphine
The title compound was synthesized following the similar procedure for L4 starting from [α] D 24 +9.9 (c = 1.0 in CHCl 3 ). The reaction flask was then cooled in an ice-water bath before the rubber stopper was removed.
The reaction was then quenched by slow addition of NaOH (6 M aqueous solution, 50 mL;
CAUTION: HCl formation), and diluted with water (100 mL) and Et 2 O (100 mL). The layers were separated, and the aqueous layer was extracted with Et 2 O (30 mL) three times. The combined organic layers were washed with water (50 mL), brine (50 mL), dried over Na 2 SO 4 , and filtered.
The product was obtained as a pale yellow solid after removal of the solvent under reduced pressure (3.82 g, 99% yield). This material was used in the subsequent transformation without further purification.
In another reaction, the product was purified by chromatography on silica gel using hexanes/EtOAc (90/10) as eluents, and crystalized in hexanes/EtOAc. The product was assigned as (R)-(4'-bromo-[1,1'-binaphthalen]-2-yl)dicycloheptylphosphine based on X-ray crystallography. [α] D 24 -31.9 (c = 1.0 in CHCl 3 ).
(R)-Dicycloheptyl(4'-(trimethylsilyl)-[1,1'-binaphthalen]-2-yl)phosphine
Into an oven-dried reaction flask equipped with a magnetic stirring bar was added (R)-(4'bromo-[1,1'-binaphthalen]-2-yl)dicycloheptylphosphine (crude product, 5.7 mmol, 3.18 g). The flask was sealed with a rubber stopper, and connected to a Schlenk line through a needle. The flask was evacuated, and then refilled with nitrogen. This process was repeated twice, and the reaction flask was kept under a nitrogen atmosphere during the course of the reaction. THF (85 mL) was added via syringe, and the resulting solution was cooled in a dry ice-acetone bath. nBuLi (6.84 mmol, 2.5 M solution in hexanes, 2.74 mL) was added dropwise, and the resulting mixture was stirred in the dry ice-acetone bath for 20 min. TMSCl (7.41 mmol, 944 µL) was added as a neat liquid via syringe, and the resulting mixture was stirred in the dry ice-acetone bath for another 20 min. The reaction flask was removed from the cooling bath, and the reaction mixture was stirred at room temperature for 16 h. At the end of the reaction, NaHCO 3 (saturated aqueous solution, 10 mL) was added, and the resulting mixture was stirred at room temperature for 5 min.
The organic solvents were removed under reduced pressure with the aid of a rotary evaporator. [α] D 24 -29.5 (c = 1.0 in CHCl 3 ).
(R)-2'-(Dicycloheptylphosphino)-N,N-dimethyl-[1,1'-binaphthalen]-4-amine
The title compound was synthesized by Pd-catalyzed amination 9 of (R)-(4'-bromo- [ [α] D 24 -10.4 (c = 1.0 in CHCl 3 ).
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(R)-2'-(Dicycloheptylphosphino)-[1,1'-binaphthalene]-4-carbonitrile
The title compound was synthesized by Pd-catalyzed cyanation 10 of (R)-(4'-bromo- [ [α] D 24 -44.0 (c = 1.0 in CHCl 3 ).
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Preparation of Imines (E)-N-Butylidene-9H-fluoren-9-amine
To a reaction flask equipped with a magnetic stirring bar was added 9H-fluoren-9-amine hydrochloride (50 mmol, 10.9 g) The flask was sealed with a rubber stopper, and connected to a Schlenk line through a needle. The flask was evacuated, and then refilled with nitrogen. This process was repeated twice, and the reaction flask was kept under a nitrogen atmosphere during the course of the reaction. CH 2 Cl 2 (100 mL) was added via syringe. While the resulting suspension was rapidly stirred, a solution of NaOH (53 mmol, 2.1 g) in water (50 mL) was added slowly. The resulting mixture was stirred at room temperature till the solid dissolved (ca. 15 min).
The layers were then separated, the organic layer was washed with brine (25 mL), dried over Na 2 SO 4 , filtered, and concentrated. The product was obtained as a white solid (9.0 g, 99% yield), and used for preparation of imines without further purification.
Into an oven-dried reaction flask equipped with a magnetic stirring bar was added 9Hfluoren-9-amine (20 mmol, 3.62 g) and 4 Å molecular sieves (6 g, powder, <50 µM). The flask was sealed with a rubber stopper, and connected to a Schlenk line through a needle. The flask was evacuated, and then refilled with nitrogen. This process was repeated twice, and the reaction flask was kept under a nitrogen atmosphere during the course of the reaction. Cyclohexane (degassed, 20 mL) was added via syringe, and the resulting mixture was stirred at room temperature for 5 min before cooled in an ice-water bath. Butyraldehyde (20 mmol, 1.8 mL) was added as a neat liquid, and the reaction mixture was stirred in the ice-water bath for 2 h. The resulting mixture was filtered through an in-line glass frit under a nitrogen atmosphere. The molecular sieves were washed with cyclohexane (degassed, 8 mL) twice. The filtrate and washes were combined to give the solution of imine 2a in cyclohexane, which was kept in a freezer, and warmed to room temperature before use. was added as a neat liquid, followed by addition of CH 2 Cl 2 (2 mL). The reaction mixture was stirred in the ice-water bath for 1 h, then at room temperature for 1 h. The resulting mixture was filtered through an in-line glass frit under a nitrogen atmosphere. The molecular sieves were washed with CH 2 Cl 2 (4 mL). The combined filtrate and washes were concentrated under reduced pressure with the aid of a rotary evaporator to give the product as a liquid. The product solidified as a white solid upon standing in an ice-water bath (2.30 g, 98% yield). Imine 2b was kept in a freezer, and warmed to room temperature before use. Me Me S15
(E)-N-(3-Phenylpropylidene)-9H-fluoren-9-amine
The title compound was prepared following the procedure for 2b starting from 9H-fluoren-9-amine (10 mmol, 1.81 g) and hydrocinnamaldehyde (10 mmol 
(E)-N-Ethylidene-9H-fluoren-9-amine
The title compound was prepared following the procedure for 2b starting from 9H-fluoren- 
(E)-N-(3-Methylbutylidene)-9H-fluoren-9-amine
The title compound was prepared following the procedure for 2b starting from 9H-fluoren- Me Me S17
General Procedures
The Pd-catalyzed reactions were set up following general procedures A1 or A2. The racemic samples for HPLC analysis were prepared following similar procedures using DavePhos 
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The reactions were worked-up following general procedures B1 to B4.
General procedure B1: reaction work-up by NaBH 4 reduction for preparation of product 4
At the end of the reaction, NaBH 4 (3 mmol, 117 mg) was added to the reaction tube after the screw cap was removed. The mixture was diluted with CH 2 Cl 2 (6 mL), and cooled in an icewater bath. AcOH (20 mmol, 1.1 mL) was added slowly while the reaction mixture was rapidly stirred (CAUTION: gas evolution). The resulting mixture was warmed to room temperature, and stirred for 1 h. The reaction mixture was then cooled in an ice-water bath, and NaOH (10% aq., 8 mL) was added slowly while the reaction mixture was rapidly stirred (CAUTION: gas evolution).
The reaction mixture was warmed to room temperature, and stirred for 30 min. The layers were separated, and the aqueous layer was extracted with CH 2 Cl 2 (3 mL) twice. The combined organic layers were washed with brine (5 mL), and dried over Na 2 SO 4 . The mixture was filtered through a funnel with a pad of glass wool packed in the neck. The solid was washed with CH 2 Cl 2 (ca. HPLC conditions: IA, hexanes/iPrOH (97/3), 1 mL/min, 254 nm: t major =5.7 min, t minor =4.5 min.
Run 1: 95% ee; Run 2: 94% ee.
[α] D 24 -100.7 (c = 1.0 in CHCl 3 ).
(S)-N-(1-(4-Methoxyphenyl)butyl)-9H-fluoren-9-amine
Following general procedure A1, [α] D 24 -87.4 (c = 1.0 in CHCl 3 ). [α] D 24 -89.2 (c = 1.0 in CHCl 3 ).
(S)-N-(1-(3-Chlorophenyl)butyl)-9H-fluoren-9-amine
Following general procedure A1, a mixture of 1-chloro-3-iodobenzene (1 mmol, 124 µL), HPLC conditions: IA, hexanes/iPrOH (97/3), 1 mL/min, 254 nm: t major =5.9 min, t minor =4.5 min.
Run 1: 95% ee; Run 2: 95% ee.
[α] D 24 -107.0 (c = 1.0 in CHCl 3 ).
(S)-N-(1,3-Diphenylpropyl)-9H-fluoren-9-amine
Following general procedure A2, a mixture of bromobenzene (1 mmol, 105 µL), imine 2c HPLC conditions: IA, hexanes/iPrOH (98/2), 1 mL/min, 254 nm: t major =5.9 min, t minor =5.4 min.
Run 1: 94% ee; Run 2: 94% ee.
[α] D 24 -99.2 (c = 1.0 in CHCl 3 ). 13 HPLC conditions: OD-H, hexanes/iPrOH (99/1), 1 mL/min, 230 nm: t major =13.1 min, t minor =11.8 min.
Run 1: 90% ee; Run 2: 90% ee.
[α] D 24 -56.7 (c = 1.0 in CHCl 3 ).
N-(2-Ethylbutyl)-9-(3-fluoro-4-methoxyphenyl)-9H-fluoren-9-amine
The title compound was obtained as a side product of the reaction for 4i.
Chromatographic purification on silica gel using hexanes to hexanes/EtOAc (97/3) as eluents afforded 8 as a yellow oil. [α] D 24 -56.5 (c = 1.0 in CHCl 3 ).
(S)-tert-Butyl (2-methyl-1-(4-morpholinophenyl)propyl)carbamate
Following general procedure A2, a mixture of 4-(4-bromophenyl)morpholine ( [α] D 24 -57.9 (c = 1.0 in CHCl 3 ).
(S)-tert-Butyl (1-(naphthalen-2-yl)butyl)carbamate
Following general procedure A1, a mixture of 2-bromonaphthalene (1 mmol, 207 mg), [α] D 24 -52.0 (c = 1.0 in CHCl 3 ).
HN Boc
Me 6c
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In another reaction of 2-bromonaphthalene and imine 2a, the amine resulting from the hydrolysis of the imine product was converted to the corresponding N-(1S)-10-camphorsulfonyl amine. Based on the comparison of the NMR spectrum of the product with the literature, 13 the configuration of 6c was assigned as S. 1 
(S)-tert-Butyl (1-(4-(1H-pyrazol-1-yl)phenyl)-3-phenylpropyl)carbamate
Following general procedure A2, [α] D 24 -28.6 (c = 1.0 in CHCl 3 ).
(S)-tert-Butyl (3-methyl-1-(thiophen-3-yl)butyl)carbamate
Following general procedure A2, a mixture of 3-bromothiophene (1 mmol, 94 µL), imine 2f (1.15 mmol, 286 mg), [(η-C 3 H 5 )PdCl] 2 (0.025 mmol, 9.2 mg), L7 (0.0625 mmol, 34.5 mg), and NaOtBu (1.1 mmol, 106 mg) were stirred in cyclohexane (3 mL) for 6 h at room temperature. The reaction was worked up following general procedure B3. Chromatographic purification on silica gel using hexanes to hexanes/EtOAc (96/4) as eluents afforded 6e as a white solid. HPLC conditions: IA, hexanes/iPrOH (98/2), 1 mL/min, 230 nm: t major =10.7 min, t minor =9.6 min.
Run 1: 88% ee; Run 2: 89% ee.
[α] D 24 -59.4 (c = 1.0 in CHCl 3 ). HPLC conditions: OD-H, hexanes/iPrOH (95/5), 1 mL/min, 230 nm: t major =28.9 min, t minor =23.8 min.
Run 1: 96% ee; Run 2: 96% ee.
[α] D 24 -26.8 (c = 1.0 in CHCl 3 ).
(S)-1-(6-(4-Methoxyphenyl)pyridin-3-yl)-3-methylbutan-1-amine Dihydrochloride
Following general procedure A2, a mixture of 5-bromo-2-(4-methoxyphenyl)pyridine (1 mmol, 264 mg), imine 2f (1.05 mmol, 261 mg), [(η-C 3 H 5 )PdCl] 2 (0.025 mmol, 9.2 mg), L7 (0.0625 mmol, 34.5 mg), and NaOtBu (1.1 mmol, 106 mg) were stirred in cyclohexane (3 mL) for 2 h at room temperature. The reaction was worked up following general procedure B4. 
S32
Chromatographic purification of the imine product on silica gel (deactivated with 10% water and 1% Et 3 N) was performed using hexanes/EtOAc (90/10) as eluents. Upon hydrolysis of the imine using HCl (4 mmol, 1 M aqueous solution, 4 mL), the product was isolated as a yellow solid. [α] D 24 +8.9 (c = 1.0 in MeOH).
(S)-3-Methyl-1-(1-tosyl-1H-indol-5-yl)butan-1-amine Hydrochloride
Following general procedure A2, a mixture of 5-bromo-1-tosyl-1H-indole (1 mmol, 350 mg), imine 2f (1.05 mmol, 261 mg), [(η-C 3 H 5 )PdCl] 2 (0.025 mmol, 9.2 mg), L7 (0.0625 mmol, 34.5 mg), and NaOtBu (1.1 mmol, 106 mg) were stirred in cyclohexane (3 mL) for 2 h at room temperature. The reaction was worked up following general procedure B4. Chromatographic purification of the imine product on silica gel (deactivated with 10% water and 1% Et 3 N) was performed using hexanes/EtOAc (92/8) as eluents. Upon hydrolysis of the imine using HCl (3 mmol, 1 M aqueous solution, 3 mL), the product was isolated as a white solid. 
